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Section I. GENERAL

1. This monthly publication summarizes the activities of the Systems
Analysis Directorate. The purpose of this note is to give wider and
more timely distribution on subjects of concern to the command.

2. The most significant Memoranda for Record (MFR's) and other techni-
cal information will be published as notes or reports at a later date.

3. In order to assure accurate distribution of this publication, addi-
tion or deletion of addresses to/from the DISTRIBUTION LIST are invited
and should be forwarded to the address below.

4. Inquiries applicable to specific items of interest may be forwarded
to Commander, US Army Armament Command, ATTN: DRSAR-SA, Rock Island, IL
61201 (AUTOVON 793-4483/4628).

Next page is blank.



Section It. MEMORANDA AND OTHER TECHNICAL INFORMATION

Memoranda for Record and other technical information are grouped
according to subjecL, where applicable, and in chronological order.

Next page is blank.
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ALGORITHM FOR ESTIMATING DETECTION PROBABILITIES

AND TIMES FOR MUZZLE FLASHES Al NIGHT

Next page is blank.



DRSAR-SAM

EMORANM)tTM FOR RECORD

SUBJECT: Algorithm for Estimating Detection Probabilities and Times for
Muzzle Flashes At Night

1. References:

a. Memorandum for Record, DRSAR-SAM, 19 Mar 76, subject: Study
Plan for Vulnerability Assessment of the MIlOE2 Due to Muzzle Flash.

b. Interim Memo Report No 503, BRL, May 1976, title: Review of Study
Plan for Vulnerability Assessment of the M1lOE2 Due to Muzzle Flash.

c. Technical Report No. AFATL-TR-75-74, J11EM, May 75, title: Summary
of Electro-optical and Infrared Target Acquisition Field Test Data.

d. Mathematical Development of Algorithm on above subject (Iacl I
to mFFR).

2. In Ref la and annexes the author discusses the need to quantify the
process of detecting and locating the muzzle flash of artillery weapons.
Detection of this signature is taken in the context of all other
signatures suitable for locating artillery -- sound, radar, Fl radio
emission, and infrared. The BRL (Ref lb) and other DOD agencies such as
ECON have been particularly concerned with the detection of infrared emission
from the muzzle gases since the largest proportion of the total radiated
energy falls above 0.7 pm wavelength -- typically, in excess of 992 -- and
because of the presence of two good atmospheric transmission bands oc
"windows" in the infrared.

3. While it is natural to attempt to exploit the IR (aud other) signatures
of artillery targets and, therefore, to concentrate research attention on
this topic, the fact remains that the human observer, with and without
optical rognificatlon, i, still the most prevalent or common detection
system currently in use on the battlefield. Therefore, it is of practical
siguif~cance to describe the detection, acquisition, arld recognition of
targets -- during both day and night -- using only photopic emissions.

4. An extensive literature exists on detection and acquisition of targets
during daylipht condititns. 'X.ost field experiments Ind mathematical Models
apply ro thl case in which the target and surroundings, both of which are
norin'Oly considered non-telfluinhous, are illuminated by a common source
of light, viz, the sun. In the case of acquisition (and recognition) of
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DRSAR-SA.H v AL4

MMORANDUM FOR RECORD

SMUBECT: Algorithm for Estimating Detection Probabilities and Time4 for
Muzzle Flashes At Night

targets during night- or low illumination conditions, the bulk of the
literature concerns the effectiveness of the human assisted by electro-
optical devices such as image intensifiers, low-light TV, infrared imaging
systems, etc. A summary of a literature survey of pertinent tests is
given in Ref 1c. In all of the above scenarios for target acquisition
at night, the visual brightness of the target is negligibly small.

5. In Intl i to this MRF (Ref Id) I am exclusively concerned about the
detection of selfluminous targets under conditions in which the background
has a brightress of 10-3 foot-lamberts or less (3.4 1O"3 candles/mi).
Parenthetically, it is noted that foveal detection under these conditions
does not change much with diminishing background brightness below 10-3
foot-lamberts. The occurance of secondary muzzle flash in large caliber --
may, above lOOm - guns produces a typical peak intensity of the order of i16
candles. This intensity varies by a factor of 2 or 3 from occasion to
occasion and by a factor of about 10, depending on caliber and propelling
charge. Over this range of intensities the flash constitutes a highly-de-
tectable source. The apparent size of the source is quite sensitive to the
charge mass. In the M107 SP howitzer, for example, the estimated maximum
projected area of the source orthogonal to the direction of fire is about 100
W. Tlt% temporal persistence of the visual flash varies with the system and
defining thresholds, and for the systems of interest varies from 30 to 300
millisec.

6. Detection of the above type of target at long range is in many respects
similar to the astronomer'a problem of detecting a faint celestial object.
In fact, it may offer some insight to readers familiar with atronomical
observation to compare the calculated visual magnitude of a flash with that
of familiar heavenly bodies. By definition, the visual magnitude of a
celestial object is given as

vis mag - 2.5 lOgl o ( E0/E)

where E is the illuminance at the observer and E is a reference illuminance.
In photomctrically-equivalent radiometric units - 3.051 10-13 watts/cm2 .
If the source intensity is given in photometric units -- say, candles --
the radiometric equivalent is given by:

equivalent radiometric intensity (watts/str) - photometric intensity (candles)/685

As a rule of thumb, a;, object of visual magnitude greater than about 5 is
not detectable by the human eye.

12



DRSAR-SA i AL 976

MEMORANDUM FOR RECORD

SUBJECT: Algorithm for Estimating Detection Probabilities and Times for
Muzzle Flashes At Night

7. The illuminance at range R from the source is calculated from the source
intensity I and atmospheric transmissivity T.

-10 2
10l TIIR

where

T - exp(-3.912 R/RV)

with range, R, and meteorological visibility range, R , in (km), intensity
I in (watts), and illuminance E in (watts/cm-). The source brightness B is
calculated from the photometric intensity and projected area of the source
A.
p

B (candles/m2) 2 I (candles)/Ap (m 2).

Due to scattering processes in the atmosphere, the apparent brightness
of the flash at range R is Bf - T Bs.

This quantity and the equivalent linear dimension of the source are
essential inputs to the algorithm for calculating the foveal detection
probability given in Ref ld. The equivalert target diameter is given by
2rX-,. The angular subtense of the target (in radians) is just the ratio
of Pthe equivalent (target) source diameter to the observation range, R.
Much of the literature on foveal detection requires the subtense in minutes
of arc. The conversion of the suttense from radians to minutes is:

a (minutes) = 3437.7 a (radians).

8. Of course, detection of flash requires that a set of preceeding events
occurs in order that foveal detection can occur. The algorithm presented
in Ref ld, treats the process of scanning the sky horizon within a
prescribed field of vie•y i. order to obtain an image of a flash on the
fovea (or, for the purpose of this NFR, a sensitive central region whose
size depends upon background briphtness). Also considered there is the
probability that a line of sight to the source of flash may not exist
due to terrain ra!;king and the probability that detection may fail due to
cessation of the flash sequence before detection occurs.

9. Although Ref Ad was written as part of Annex 5 to Ref la, it is pre-

13



DRSAR-SAM
~JUL 17F

MEMORANDUM FOR RECORD

SUBJECT! Algorithm for Estimating Detection Probabilities and Times for
Muzzle Flashes At Night

sented here with the hope of somewhat more general applications. A numerical
application of the algorithm is illustrated in Figure 1.

/

1 Incl GEORGE J. SCHLENKER
as Operations Research Analyst

Methodology Division
Systems Analysis Directorate
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Algorithm for Estimating Detection Probabilities

and Times for Muzzle Flashes at Night

The instantaneous probability of detection of a firing battery by a

single observer, pdet' is given by the product of the probabilities for

occurrence of the following independent events:

(a) a flash is present and not masked by terrain (p 1 )

(b) a sensitive region of the observer's visual field covers the

target image (p 2 )

(c) the target image is perceived (p 3 )

Then,

Pdet - plp2p 3 " (5.11)

In the following mathematical develLpment, expressions for each of

these ronditional probabilities will he derived. Since detection of

persistently recurring flashe3 is time-dependent, an expression will

be derived for the probability of detection by observers after a period of

regular, periodic flashing.

The probability that the observer has intervisibility with the target is

strongly dependent upon the type of terrain and the positions of observer and

target. It is questionable whether one can apply the results of field

simulations using moving vehicles as targets and defensively-situated

observers as witnesses to the situation in which firing batteries are the

targets and FOs on outposts (OPs) are the witnesses. In the latter case. a

For background lumfnance values 10-1 foot-lamberts or greater the sensitive
region of the visual field is the fovea, the central re ion of cone vision,
with in angular subtense of about 3.5 deg. Blackwell(lT has shown that for
backgroui d luminance value-; of the order of 10-3 foot-lamberts the entire
visual field tested displays nearly the same sensitivity to transien~t point
soutrces.
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more concealed target position will probably be chosen and a less favorable

viewing position will generally be available. Thus, the probability of line

of sight (LOS) for counterfire observation will likely be less than the

probability of LOS for the former situation. In spite of these caveats,

one is compelled to use intervisibility results for the former situation

because of the absence of trustworthy data pertinent to counterfire intervisibility.

A number of functional relationships have been developed to describe

probability of LOS. The one used by TRADOC in the HELLFIRE COEA is

Plos (R) - (1 + 2R/R 0 ) exp(-2R/Ro) , (5.12)

where

Plos (R) - probability of LOS from an observer to one specific target

R - range from observer to target

R - average, total LOS segment length in terrain0

The terrain statistic R is the critical parameter in this expression since

Plos(R) is quite sensitive to it. Analysis of data from the TETAM field

experiment yields a value of R of approximately 800 m for the North German0

Plain and 1500m for site A at the Hunter-Liggett Military Peservation. A

group of closely spaced target elements such as vehicles in a platoon can

be regarded as a single target for application of this intervisibility model.

To continue with the mathematical development, it is convenient to define

additional variables. Notationally,

Tbf - time interval between flashes (constant) (sec)

Tdur - the duration of a single flash (sec)

e - mean time to detect (sec), given ultimate detection

FOV - search field of view (deg)

P.O-Ill-I HELLFIRE Cost ind Operational Effectiveness Analysis Addendum,
Appendixes ',-p, Vol i1, (CO 4,) , ACN 21396, LOC Coalbined ArMs
Combat Dev. Activity, 1 Nov 1975.



a a angular subtense of the target (minutes of arc)

2
Bf a brightness of the flash (candles/m2)

B - brightness of the horizon background

C - relative contrast of flash with respect to the horizon

background

M - threshold contrast

Then,

Pi" Plos Tdur/(Tdur + Tb) (5.13)

P 2 - 1 for FOV<25 deg and B - 10-3 foot-lamberts[(] (5.14)

P 3 ' P 3((a, Bf, B, Tdur) (5.15)

An approximate model of p3 which fits data given by Blackwell and

McCready 2 for backgrounds having a brightness of 10-3 foot-lamberts or

less (3.4 10-3 candles/m2 ) is given here.

Auxiliary variables a and Q are defined:

a - -0.483 , 0.01<T<0.4 (5.16)

Q - 5.5 (13 a -4) ,0.31<a<52. (5.17)

Then,

M - 10Q (5.18)

or Q - log 10M

and

C = B f/3.4 10-3 (5.19)

[lIBlackwell, H. R. and Moldauer, A. B. Detection Thresholds for Point

Sources in the Ni'ar P(___. ýry . AD 759739, Engr Rcs. Inst. Univ. of
Mich. , Ann Arbor, :ich., June 1958.

r 2]1""Blackwell, I1. R. and McCready, D. W., Jr. Foveal Cntrast Threqholds for
V:'.rinou,, 'iti-n (if Sinl.e Pu_1yc, AD 868307, Engr. Pes. Inst. Univ. of
Mich., Ann Arbor, :ich. , June 1953i.
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And, the probability of foveal detection

m•C-M-
P3 - C0-.M- (5.20)

with

1 e-t2/2 dt"5.1
$(z) - V2--;"~it (5.21)

Given intervisibility and flash presence, the probability of detection is

given by pdl with

Pdl = P2P3 (5.22)

Given LOS, each flash presents a new opportunity to detect, so that the

conditional probability distribution of detection time is geometrical with

density

n-1
Pdl(I - ,dl n 1, 2, 3 ...

Thus,

n-1 ntbf Pdl ( - l

or

0 - tbf/Pd1 . (5.23)

This is the mean time to detect given a detection, i.e., assuming LOS and

continuous perlodir flashing. If the firing interval is given by Tfire' the

probability that t0- battery is not detected over this interval by a single

observer having LOS is, approximately,

Pffailure to detect - exp(-rfr/e). (5.24)

by ith observer)

Of course, detection may also fail due to a LOS mask. This probability is

given above as 1 - Plos,

18



For m separately-sited observers performing independent visual search,

the probability of a detection failure over a firing time interval Tfire is

Siven as follows:

P(detectlon failure in Tfire' given m observers)

nfl (1-i) (5.25)

with

71 defined for the ith observer:

71 a Plos (Ri) (l-exp(-Tfiref/0)) " (5.26)

For a single observer the mean time to detect, given that a detection

occurs during the time interval Tfire' tdd, is obtained as follows. From

(5.24), the conditional probability density function for time to detect is

f(t) - -1 exp(-t/8)/fl - exp(-Tfire /)], O<t<Tfire (5.27)

Thus,
t - f firet f(t)dt

or tdd 
o

or

+ x) e-x

dd 1 -x

with
X - •frei/6. (5.28)

19
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Notes for Figurela.

[1] P.O-III-1 HFLLFIRE Cost and Operational Effectiveness Addendum,
Appendixes, N - P, Vol. II((LCONF) ACN 21396, TRADOC Combined
Arms Dev. Activity, Nov. 1975.

(2] P. 36, Boehne, R. C. and Gallagher, V. M. Environmental Models For
the Design and Evaluation of Systems Whose Performance is Line-of-
Sight Limited, AD 834455, Stanford Research Institute, August 1967.
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DRAFT LETTER OF AGREF1ENT (LOA) FOR THE DEVELOPMENT

OF A 155MM ILLUMINATING PROJECTILE

Next page is blank.
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DRSAR-SAM (19 Jul 76)
SUBJECT: Draft Letter of Agreement (LOA) for the Development of a 155nm Illuminating

Projectile

Io DRSAR-RDP FROM DRSAR-SA DATE 4 AUG W976 Ci- 2
Mr. Haase/cl/3177

1. References:

a. DF, AMSAR-RDP, 2 Apr 76, Proposed Letter of Agreement (LOA) for the Develop-
ment of a 155mm Illuminating Projectile.

b. CMT 2 on a., above, DRSAR-SAM, 9 Apr 76, subject as above.

2. URSAR-SAM has reviewed the subject LOA as requested. Our comments are provided
as Incl 3.

3. This LOA is a rewrite of a previous proposed LOA (Ref la) which we also reviewed.
Our previous comments were provided via Ref lb. Those comments addressed a broad
spectrum of subject matter, ranging from editorial changes to fundamental issues
involving systems effectiveness and safety aspects. However, except for the
editorial changes, the subject LOA does not reflect our comments at all.

4. With respect to both effectiveness and safety, the LOA proposes a new round
which will be "more effective" and "safer" than the ?485A2. If, in fact, the
"measures of effectiveness" are not defined, then we question whether it is possible
to identify those baseline performance characteristics of the M485A2 which will
be exceeded by the new round. Likewise, we question how can it be determined that
the user requires a new illuminating round unless it can be shown that the M485A2
fails to meet certain well-defined safety and operational effectiveness criteria.
DRSAR-SA contends that these are fundamental issues which require resolution prior
to initiation of an expensive development program.

I Incl M. RHIAN
wd Inc] 1&2 Acting Director
Added I incl Systems Analysis Directcrate
3. DA 2028
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Fe. was .1 Okla i*,f. 9e0 AR 340.1$. Ike po*eW,•l en.cy Is TAGCIN. S-29 July 76

Draft Letter of Agqreement (LOA) for the
DRSAR-KDP Development of a 155mm Illuminating

Projcctilc
TO SEE DISTRIBUTION FROM DRSAR-RDP DATE ; 4 JUL 1976 CuTI

Mr. Denney/dw/4564

1. References:

a. Letter, ATCD-CF, HQ, tRADOC, 18 June 1976, SAB (Incl 1).

b. Letter, DRSAR-RDP, HQ, ARMCOM, June 1976, SAD (Incl 2).

2. Request draft LOA (Inclosure 1 to reference lo) and comments
contained in 1st indorsement to reference lb above be reviewed and
commcnts or concurrencc be provided to HQ, ARMCOM, ATTN: DRSAR-RDP,
NLT 29 July 1976.

2 Incl RICHARD L. ANNEY
as Acting Chief, Tech Programs Div

DISTRIBUTIONs

DRSA.R-AS
DRSAP.- CPE
DRS AR-tAE
DRS AR- 1M
DFRSAR- PPV
DRSAR-PTT
DRSAP-QAR
DRS AR- RDG
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DA . 2 4. 96 REPLAC[', 00 FOAM '4, W'IC4 IS
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE
BLANK FORMS Use Part It (reverme) (of Repair Parts and

Special Tool Lists (RPSTL) and Supply
Pa, .s.a# this Is-, *aa AR 310.1; oh lilpomw t e@v ay Is t@e US Catalogs/Supply Manuals (SC/SM).
A-V Ai,w,,.o-, Co...1 C

t 
,. 31 Jul 76

TO: ('P,..,d to .op-t of . 6tMk*I cafto , fort ) fin ludg ZiP Ced.) PROM, (Ace,,,tr and Ioeatti) (Iltetd. ZIP Code)

DRSAR-RDP DRSAR-SAM

PART I- ALL PUBLICATIONS (EXCEPT RPSTL AND SCý SM) AND BLANK FORMS

PUBLICATION, FORM NUMOER OADTE ?IT,0Proposed Letter of Agreement

ATSF-CD-WC/SARPA-AD-D-R4 18 Jun 76 (LOA) for the Development of a 155mm
-1-tuminatIna Proiectile.

ItM PAGE PARA. LINE FIGURE ITAULt RECOMMENOF.O C4A NGES AND REASON
NO NO. GNAPN 1O." NO. No. (E.aI t ordif.j. oI ,oam m if .d r ha.n* suiat It, en)

1 1 l.a. and CHANGE: The LOA concludes that the maneuver force
6 l.a. )f ANqEX A cannot be supported with illumination in the upper

42% of X0198 range capabilities. But, a logical
argument to support the need for illumination at
24km range is missing. State the actual requirement
REASON: The AD program is predicated on a need
for illumination at extended ranges. An argument
for that need should be developed.

2 6 l.a. 3 CHANGE: State what levels the effective illumina-
tion has been reduced from, or to. Otherwise,
show how the "reduction of 50%" was quantified.
REASON: Technical data to substantiate the need
for the system.

3 1 2.b. 3 CHANGE: Define "effective illumination" in
quantitative terms.
REASON: Clarity.

4 1 2.c. nd
2 3.b. 5&6 CHANGE: The requirement is stated relative to the

M485A2. The "metal parts fallout" of the "!485A2
should be quantified in the text to provide a
baseline from which the 25% reduction can be
measured.
REASON: The requirement, as stated, is too vague.

5 1 3a 4 CHANGE: Include a numerical value for the
illumination "currently provided by the M485A2."
REASON: Since the reiuirement is stated relative
to the M485A2, a baseline value for the M485A2
should be stated. As it is, the requirement is
too vague.

6 1 3.a. REMARKS: The acknowledgements that "...overall
battlefield effectiveness cannot be accurately
quantified..." and "...factors to quantify combat

*HRrerence to ine numb.r. .wrhin the Itaro.araph or suht'oragraaph.
TYPED NAME. GRADE OR TITLE TELI HONE EXCMANGE AUTOVON, SIGNATURE

MORRIS C. JOHNSON, Chief PLUS EXTENSION

Methodology Division 793-5075/5930

A Ra DA 7A7 P228,R5 **. OEC 61. RnrcH -IL R - L

33

33



R EC O M MEN D ED C H AN G E S TO P U BL ICA TIO N S A N D Utfs
$LANK FORMS u Specias Toot Lists (RPSTL) end SuPply

F., .... 0 *s mI*-, see AN 310-1; " prisme met *w4• Is te Us Catalogs/Supply Manual@ (sc/SM). 30 Jul 76

TO: ,FP,.•.,d ,o r pn .1 p0.61,0•f I-) (I-hW* ZIP C.41) COOt (AeýIrp o. Ianed i) (S.rI.l0 ZIP C ed.)

DRSAR-RDP DRSAR-SAM

PART I - ALL PUBLICATIONS (EXCEPT APSTL AND SC SM) AND BLANK FORMS
P,,RL,CATION,FORM O#UMva DAVE ITLE Proposed Letter of Agreement

ATSF-CD-WC/SARPA-AD-D-R4 18 Jun 76 LOA) for the Development of a 155=
k'lluminatinir Proitectile

tyris Ppa" PARA- LINE FIGURE VAGLE MCCON09WOEO CHANGES AND REASON
NO NO GRAPH NOP NO. NO. (e.0to wd#r4t •,. W.41.,d ý. use .t * 9Ajv)

effectiveness remain elusive..." should stimulate
considerable concern within TRADOC and DARCOM.
The combat effectiveness of all conventional
weapons systems under nighttime conditions dependS
uron the ability to acquire targets, to effectively
engage them, and to assess damage inflicted upon
them. Illumination enhances that nighttime capabil ty.

7 2 3.b. 4 REMARK: Based on thc remarks made in Para 2.c.(l),
it is not readily apparent how that "Judgment" can
be made at this point in time. If, in fact, the
"measures of effectiveness" are not defined and if
the sensitivity of "effectiveness" to the critical
factors is elusive, then how can we judge that
the battlefield effectiveness will be 3 to 7 times
better than the M485A2?

8 2 3.a. all REMARK: Perhaps the "measure of effectiveness"

for illuminating rounds needs to be examined and
defined prior to initiation of a development
program leading to a new "end item." It seems that
the sensitivity of "effectiveness" to each of the
factors identified in Para 3.a. should be
established so that needed improvements can be
stated in more specific terms.

9 3 6.a. CHANGE: The paragraph 6.a. should be separated
into two paragraphs 6.a. (Operational Effectiveness
and 6.b. (Required Performance Characteristics).
Change the current 6.b. to 6.c., and the current
6.c. to 6.d.
REASON: Clearly, the most critical issue (or
unknown) is the operational effectiveness of
illuminating rounds. Quantitative estimates of
the tactical advantages to be gained through

the use of illumination must be developed from
considerations of use concepts, tactics and doctrin

"1I6-ron t P I,, oj,-h" numhrrs hln fhe lir-dra• 01 ,,hr ra ph-
ýýE• rý .. , ';At• 00 TITLf TFLEP•Hli PXCM A"G C AUTOVON. 31h•NATURC

PLUS , 9TE NSION

DA '?'-"-2028 "1 P1 ACt 6 S O n& P 1 01C *, R9C W04 *L L Of 0.10
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE
BLANK FORMS U.s, Ptrt if (reverse) for Repair Parts and

Special Tool Lists (RPSTL) and Supply
F 09 ohis a t. fe -, suea AR 310-1; ,ac ptep penst asmcy Is Pe US Catalgus/Supply Manuals (SC/SM). 30 Jul 76
Army Adiut•*t Gesetol castep.

TO: 'FP e, rd fe Proponent of pubfi eftio. w ftom) terse lude ZIP Code) FROM, f'Arlivtr and /-foelos) (st lude LIP Code)

DRSAR-RDP DRSAR-SAM

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC SM) AND BLANK FORMS
PUSLiCATIOMN/ORMNUMBEN DATE TITLE Proposed Letter of Agreement

(LOA) for the Development of a 155mm
ATWF-Cr-Wc/eAPPA-AD-ID-R. 18 Jun 76 !luminnteng ,Projectile
tsF.M PAGE PARA- LINE FIGURE TABLE RECOMMENDED CHANGES AND REASON
NO NO. GRAPH NO.* NO. NO. ('.Mua f".dI#T, o. ,et•o.•mndT d thmnd. -,of he glE,.)

Then, the sensitivity of the operational effective-
ness to changes in systems performance character-
istics can be quantified in meaningful terms.

10 3 6.a. REMARK: The concept of "useful range of employ-
ment" should also be studied. The assumption
that maximum ranges of illuminating projectiles
must be equal to maximum ranges of other pro-
jectiles should be examined in detail.

11 4 8.
465 10. REMARK: Significant effort is likely to be

required in the definition of quantitative
"measures of effectiveness," "math model building,'
and the conduct of "sensitivity analyses" early
in the development cycle. If this york is not done
prior to or early in the cycle, then quantitative
evaluation of trade-off options and evaluation of
the projectile's performance at DT/OT I testing
may not be possible. Therefore, it is suggested
that the milestone schedule and funding statement
reflect adequate resources for the development of
analytic methods and quantitative estimates for
operational effectiveness.

HeH-.-r- to hI nt,,,t* 'rh- rh¢. ea- aRts;pA or ., 0,bp arr ph.

YPED NAME, GRADE • R TITLE TELEPuONE EXCHAN-GEAUTOVON. SIGNATURE
PLUS EXTENSION

A FORM 2.PLAC. S CO . .. .... 1 DEC .... ,. ( R WILL BE UCED.

Next page is blank.
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STANDARDS FOR TESTING LASER DESIGNATORS
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DRSAR-SA (26 Jul 76) 1st Ind
SUBJECT: Standards for Testing Laser Designators

11Q, US Army Armament Command, Rock Island, IL 61201 t , 4 ,

TO: Commander, US Army Test and Evaluation Command, ATTN: DRSTE-K.E,
Aberdeen Proving Ground, MD 21005

1. Reference is made to Technical Report No. 111700-1-F, Environjiental
Research Institute of Michigan, August 1975, title: Evaluation of Target
Reflectance Illumination Model With Second-Order (TRIMS).

2. As requested in the basic letter, the draft document, subject as
above, has been reviewed. Comments and recommended hanges are provided
as Inclosure 1.

3. Our comments refer repeatedly to the ERIM Target Reflectivity Model
whose validation is described in reference 1. This model has proved
useful to ARMCOM in examining the laser-target-projectile interface.
It is suggested that appropriate application of the model to new desig-
nation situations may significantly reduce the requirement for live firings.
The Physics Team in the Rodman Labs is the custodian for this model.
Point of contact is Dr. Mike Amoruso, AUTOVON 793-4683.

FOR THE COMMANDER:

1 IncI VýIA 0
as Acting Director

Systems Analysis Directorate

CF.
DRCPM-CAWS-FO (COL R. Nulk) w/o incl
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DEPARTMENT OF THE ARMY X Wise/Itf263-24TS
MCAOCUARTtRS. U S. AR.,V TEST A.N KVA^L.,IION COMMANO

A99RO&'E4 PROVINoG GOUNO. MARYLANO MOO5

5 - 20 Sep Tr,
26 JUL 1976

SUBJECT: Standards for Testing Laser Deas6gA&4

SM DISTRIEUTIO5

1. Reference is made to meeting at WSMR, 9-10. June 1976, subject:

iform Standards for Laser Designator Developments.

2. TECO?4 vas directed by DARCCM to:

a. DevelCo 3tazdards to a-s!ire uniformity in measurement of those
laser designator technical patreters that bear on ccnditional hit/probability.•

b. Develop policy concerning control of the data collection for
laser aesi;nators as required for the single integrated development
testing -ycle (SID'C). I

c. Determine cost sAvings that can be accrued by minimizing livefirings. .••., ( ., /,j"--

3. The inclosed draft report documents the results of TEC=Mls efforts
in each of the above areas of ccneern.

•. ~ rr2x, -:'";'' are 1.1.c•......... re~cr't, axe all n..B

vuiidat;ed bve/ore I-eilig u~lllzc.! ar testing stanea4-,.s.

5. As agreed at the referenced matting, a copy of the draft report is
provided fcr your comments. Of major importance are your views con-
cernir.g:

a. The teclnrical adequacy of the tect prcceduree.

v. Recommended changes to the test procedures.

c. Required follow-on action.

Comments should be forwoarded to HQ, TECOM, AMT~: DRSTE-M. They V0• tj1.• "•.
should arrive by COB 20 September 1976.

EXIRES 26 July 1977

4.,.



2 6 JUL t375DR. STF-.°

ScU2Ji;CT: Standards for Tcstinc laser Designators

6. The points of" contact at TECOM are Mr. Sidney Wise and Dr. ;or-man Pcn:z,
Autovoa 283-21.70/3677/2478.

FOR TI{C CO.2.AND-l"R:
S .

SDirectoJMethodology Improver;nt
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE

BLANK FORMtS tUs. Part It (ever**) fot Repewi Parts end

BtAN1h P, tOl Tool Lists (RPSTL) and SUpply I AUG to,
A -r e 0 ,tswe C4l k s l , t ee k l 1 - ; t rl. ~0 e e A e U C a t a ll o g * / S u p p l y M a n u a l sb ( S C , S l il .
A'-, Ad,.... G..wt,,at Ce.nte.

TO: Pff...d w,. ,nt "' it'• ,oaI..do - 1i (Ilmjeo s ZIP Codg) •ROMh (4A..,fv a.nd lotaUm (Iml .e ZIP C.d.v)

Commander Commander
US Army Test & Evaluation Command US Army Armament Command
ATTN: DRST E-ME ATTN: DRSAR-SA
Aberdeen Provinz Ground, MD 21005 1 Rock Island, IL 61201

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC SM) ANO BLANK FORMS

PUGLICATiON. VORM NUMNER DATE TITLE Standards for Testing Laser

Draft Report July 1976 Designators

IitE 0 *Ar PARA. LINE VIGUNE r TASLE RIECOMENOEOD CHANGES ANO NNASI14
NO. NO. GRAPH NO.. NO. NO. (React wrdMd oW -Imtwnded Chard* .- C hA .'tn)

1 4 3b(4) 2 COMMENT: Add "as seen by the seeker" to the
sentence: "(Energy distribution in plane of
target)." REASON: Clarity. It is notcd that
the distinction between seeker frame of reference
and designator frame is frequently obscured by
use of the term "plane of target."

2 4 1 6 COMMENT: In referring to the "conditional" hit
probability some definition is required. In an
operational setting the probability of hitting
the target with (CLGP) Copperhead depends somewhat
upon target location error (TLE). The TLE in
turn may depend upon rangefinder performance.
However, if the conditions involve acquisition
and lockon, guidance accuracy does not depend
strongly upon the TLE or, alternatively, the
position of the target within the footprint.

3 5 6b 2 COMMENT: Suggest deleting "NICOM" and replacing
with organizations performing flight simulations.
REASON: A cri-service measurement spec requires
greater generality.

4 7 10 3 CODIENT: Add "as seen by the designator" to
"(in the target plane)." REASON: Atmospheric
jitter is usually defined in a plane ,nnrmal
to the beam.

5 12 7 2 COMMENT: Replace "952" with "902". REASON:
Consistency. 90% is usually the boundary selected
for defining the laser beam. S-e definition of
beam divergence and maximum range elsewhere in
the report, e.g., p. 13.

6 15 6b 2 CO,'MiENT: Delete "by ,IICOM." REASON: Same as
item 3.

(,EOPG(;E J. SCHLENKLR I ' ,/ .
IjRSAR-SAA • j ATV 793-5075 | -; ""

This Document
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IRECOW..MENDED CHANGES TO PUBLICATIONS AND 1, at1 ,wre o earPrsad OT
jBLANK FORMS Special Toot Lists (RPSTL) and Supply

Pa . .;* ofo., ... *.AN 3WI0 .1-h pPM,~en ser Is th US Crataog.sIsupply Manuals (SC. SM). AUG197

I".0 ,I- ., p. P1.0- Ie or I- ( 0 1 -id frh. ZIP Code) FROMI , 011 on .~.. .j 'M~h.* ZIP Co.")

CommnanderComne
US Army Itst & Evaluation Commndvv US Armv Armament Commnand
ATTN: DRSTE-ME ATTN: DRSAR-SA
Aberdeen Proving Ground, MD21005 Rock rsland. IL 61201

PART I - ALL PUBLICATION~S (EXCEPT RPSTL AND SC SM) ANO BLANK FORMS

PUBLICATIOft PrWROP60DR OATZ IL Standards for TeGLing Laser

Draft Report July 1976 r FDesignators

ITEM PAGE PARA. LINE FlIGUE TABILE RECOMINENOE0 CHANGES ANO REAON01
NO, No. ONARN O No No. dn , o..tA£~*)

7 16 3a(2) 4 COMMENT: Indicate and clarify frame of reference.
REASON: Actually, as noted on p. 58, the distri-
bution of pulse-to-pulse energy as seen by a
target being tracked by a designator also depends
upon the geometry of the target, target reflecti..ce

I ~cheractesistiCS, and laser beami jitter. These
characteristics are considered in signature
analyses perform~ed using the ER" Laser Target
Reflectivity Model.

8 23 5.5.2.2 5 'OMMLt-QNT: Change "6.5.2.1 abo~ve" to "6.5.1.1 above.
REASON: Erxar in reference.

9 59 3 and COMI-ILNT: The ii.strumentation prenaration, procedur!
ollovilg and analysis require -.dditional detail to be use-

ful. Further, a livt firing seemjs unnecessary
here. REASON: From the description of the test
'given 6n pp 5q and bG, it appears that lt, only
purposes served by the live firing are (a) to
define a tra~ectorv or set of reference directions
for the seek.-r durin'- ýerminai horning and (b) to
provi .le ai single -,amne of Ruidance accuracy to
corrfl ;e'th an inal,.,.,1c -,-ediction fnr that
samp! ot d'esi~nator-retvren&ed signature.
For a 3a12-.tel tr e, re1±,civity mnosel such as
th, .'RlY..el [Fet 1; ,t _.s only necess~ry to
describe .he beam ý.osition and energy relative
t,ý the designator to prtedic^: 'he enerý,y incident

Iuij,'n ,r~ieiver plac-ed in anv arbritrary pesition.
I It 4s, of course unnecessary to actually fire a

pr_-<eLLile to ad~tvdeter-ine a refere'nce
tr~ijectorv. Sue'-i trljectoz:% c~n he simulated
with ;ýdepu ,te pre. Isnto dtc' 'ne the set of

'eeker rererence r' ns be used in the
t,':r re le~i: ~:'hs, a non-: i-ng

tr i n, and des i niI'n reflttt provide sot tici ert
r iz i:on to ir -'.ol ,' rdirt th*'- sii.x,it',re

This Document
zL_:A -X*bI From



RECOMM~iENDED CHANGES TO PUBLICATIONS AND UsPot1 rwvefrRparatsnd DT
BLAN4K FORMS Special Tool List% (RPSTL) and Supply. 1~~t

Pa. i~se of Oio, to-., s. Alt 310-1, 'he p~i~r m oln e Iqwe the~ US Cate loss/Supply Manua Is (SC.ý SM .

7O1 '?.'.*d .,ý P'np...n of piubl~tival a Ierm) fI.,' ide ZIP Code) FROM, fAc,,..ay orid 1-i cir,, (ihl tde ZIP Lod.)

Cotmmander Commander
US Army Test & Evaluation Commnand US Army Armament Command
ATTN: DRSTE-HE ATTN: DRSAR-SA

Abret run rri.,nA if) 91AAr, _I PV., ?~,,...4 TTAI S1nfI

PART I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC, SM) AND BLANK FORMS
PUSLiCA?1O.4 room "UNDER Or

Draft Report July 1976 TLEDesignators

ITEM PAGE MARA- LINE FIGURE TAOLE RECOMMENOV0OCHANGES ANO REASON
ftO. NO GRAPH No. * No. NO. (11goetr ... Itni ad mete .e.ded (ef-. -- I I.. #,-)n

seen by the seeker in terms of both irradiance at
the dome and apparent motion of the energy
centroid from pulse to pulse. A set of tracking
runs provides the basis for constructing a
stochastic model of the spot notion noise. It is
felt that such a model used in connection with
a valid flight simulation is a more useful and
trustworthy estimator of both guidance accuracy
and signature referenced to the seeker than is a
single live firing.

10 71 2a 3 COMMIENT: Add to end of sentence: "and to compare
results from different designators." REASON: The
primary justification for having sta'ndard targets,
for systems capable of attacking many different
types of targets, is to facilitate comparisons.

11 81 3 COMMCENT: Change: "Total No. of Man-Hours" to
"Ilan-Week.." REASON: Typographical error.
In general, the cost analysis performed here
appears conservative in terms of cost avoided.

. ..i.11 I. I-"', n"!ir ,77 ,g 77 , "". ., , "", - 1 1uhr , -

0.^kFW 2 2ijAr , Ar.. 4ý. IEc o..-c w- oL us~ Next page is blank.
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DRAFT TEST DESIGN PLANE (TDP) FOR DTII OF THE

BIOLOGICAL DETECTOR AND WARNING SYSTEM, XM19/XM2

Next page is blank.
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DRSAR-SA (8 Aug 76) 1st Ind
SUBJECT: Draft Test Design Plan (TDP) for DT II of the Biological Detector

and Warning System, XM19/XM2

11Q, US Army Armament Command, Rock Island, IL 61201 1 "'U W6

TO: Commander, US Army Test and Evaluation Command, ATTN: DRSTE-TD,
Aberdeen Proving Ground, MD Z4005

1. DRSAR-SA revi-wed the subject TDP as requested. Our comments are
forwarded as Inclosure 2.

2. In reviewing future TDP's and IEP's we request that more time be alloted
for review. The IEP for the XMI9/XM2 arrived here the afternoon of the
suspense day. The TDP arrived here the afternoon of the 12th with an
18 August suspense date.

3. As can be seen from our comments, DRSAR-SA is concerned that the XH19
will be tested against the ACPLA threshold level stated in the ROC.
DRSAR-SA considers this ACPLA too high (see comment 3). We therefore
recommend that data be obtained for ACPLA's that are considerably lower
than that stated in the ROC.

FOR TIE COMMANDER:

1 Incl MO IS C. JOHNSON
wd il I A ting Director
Added I incl stems Anaiysi Directorate
2. DA 2028
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- •,. ) DEPARTMENT OF THE ARMY Mrs. Lee/mb/283-5222
HEADQUARTERS. U S ARMY TEST AND EVALUATION COMMAND

"0 "•• ABELRDELN PROVING GROUND, MARYLAND 21005

SS: 18 Aug 76

"ORSTE-TD 8 AUG 1976

SUBJECT: Draft Test Design Plan (TDP) for DT II of the Biological
Detector anJ Warning System, XM19/XM2

tCommander, US Army Armament Command, ATTN: DRSAR-SA,Rock Island, IL
61202
Cotniander, Edgewood Arsenal, ATTN: SAREA-DE-DB, Aberdeen Proving
Ground, 1.1 21010

1. Subject Draft TECOM Test Design Plan has been prepared by this head-
quarters and is provided for informal coordination.

2. Pequest comments/concurrence be submitted to this headquarters NLT
18 August 1976.

FOR THE COMMANDER:

1 Incl WILLIAM B. McINTOSH
as Direetor, Test Design and

-. Statistical Analysis Directorate
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"RECOMMENDED CHANGES TO PUBLICATIONS AND Use Par (reverse) for Repair Parts and DAT
BLANK FORMS U S pecial Tool Lists (RPSTL) sid Supply

Fo, e.of thi hiss, see AR 310-1; t.e jmpreasaaey 1* 4@ US Calelogs/Supply Manuals (SC/Sd). 1 9 AUvG 7b
A-V Adtj~e# Gwwe Cfentia.

TO, (rF.-.d I. pap-- sGE o P.kbla. ten1) •Imt.M ZIP Coda) PAOMi fAcithify Od Iaft.e) (nChide ZIP Cad*)

Commander Commander
Ug-Army Test and Evaluation Command US Army Armament Command
ATTN: DRSTE-TD ATTN: DRSAR-SAM
Aberdeen Proving Ground, MD 21005 R.•ock Island, IL 61201

PART I - ALL PUBLICATIONS (EXCEPT ROSTL AND SC/SM) AND BLANK FORMS
PUBLiCATIOk/FORM HUM8ER DATE TITLEDT II Test Design Plan for the

i ological Detector and Warning
_ _Draft Report August 1976 V fwAnpMl X9/YM9

ITEM PAGE PARA. LINE FIGUNE TABLE RECOMMENDED CHANGES AND REASON
NO. NO. GRAPH NO. * NO. MO. (Eaarg Wardin g ,.emu..add AaI Gmf . e #I.e)

1 6 3.2a 1&2 COMMENT: Move to Critical Issues List.
REASON: We must know what the agent is after its
detection so proper steps can be taken to care
for casualties.

2 6 ADD: Other issues - What are laboratory require-
ments to support the XM2?

3 9 5.1.1a COMMENT: DRSAR-SA reviewed the ROC. It is our
opinion that if the XM19 will only meet the ROC
requirements that agents with low decay rates,
low ID50,s, high dissemination efficiency, and
at low flow rates will not be detected by the
XM19. The estimated average casualties from such
an agent would be 63% over an area of 10,500
square kilometers. We feel this is significant
and therefore the ROC nust be reviewed.

4 9 5.1.1b COMMENT: If the number of variable organisms
stated in the ROC is critical, the XM2 would not
operate under the condition stated in comment 3
above. This criteria must be reviewed.

5 9 5.1.2 COMMENT: Because DRSAR-SA has doubts about the
capabilities of the XMI9 to detect low concen-
tration (less than ten particles per liter with
the possibility of having to worry about levels as
low as 2 particles per liter). We feel that a
matrix which examines the range of concentration
levels the 9419 must be able to detect should
be developed as part of the data required package.

6 10-11 5.1.3 COMMENT: Because of the reasons stated in 3 & 4
above this ROC should be reviewed.

$Reierence to line numbers within Ihe peradraph or subiaragreph.
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Comander Commander
US Army Teat and Evaluation Command US Army Armament Command
ATTN: DRSTE-TD ATT'N: DRSAR-SAN

Ab~den PovnG rpnd MD 21005 Rock Island- TL 61201
PART I - ALL PUBLICATIONS (EXCEPT RtPSTL AND SC/SM) AND BLANK PORMS

PUGLICAVION/VONM NuMVIR DAVE [VIVLEDT 11 Test Design Plan for the

Draft Report August 1976 i ological Detector and Warning
iyataff xI419/xH7

ITEM PAGE PARA. LINK FIGURE VASLE PECCONEN0EO CHA NGES AlsO REASON
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7 11 5.1.4 COMM(ENT: DRSAR-SA question. the ROC. Therefore
we would like to be sure the data obtained can
determine the sensitivity of response time to
concentration far loss than those indicated in
the ROC
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155MM CANNON LAUNCHED GUIDED PROJECTILE (CLGP)

OPERATIONAL ANALYSIS

Next page is blank.
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DRSAR-SAM (11 Aug 76)
SUaJECT: 155mm Cannon Launched Guided Projectile (CLAP) Operational Analysis

TO DRCPM-CAWS-Th FROM DRSAR-SA DATE 2 1AUG I CMT 2
Mr. Schlenker/cl/5075

1. References:

a. GAO Information Request to COPPERHEAD Project Office (GAO Review 951283),
11 Aug 76, subject as above.

b. Answers to Questions in GAO Review 951283, 19 Aug 76 (Incl 2).

2. As requested, DRSAR-SA has prepared a set of answers to the GAO Information
Request, reference la.

3. In preparing reference lb, DRSAR-SA was required to infer the purpose of the
GAO in asking the question so as to clarify terms such as "minimum and maximum required
range." Additionally, it does not seem to be proper for DRSAR-SA to speak for the
entire Army -- User and Developer -- on such issues as the ne2d for a MULE-type
designator (Question number 8 of reference la). Therefore, the answers given to all
these questions reflect only the technical and operational requirements of the CLCP
program, as we understand them.

2 Incl MORRIS C. JOHNSON
Added 1 cins Acting Director
2. Answers to Questions Systers Analysis Directorate

PZGRA::D UNCLAZI31FIED WI?::' 11rPkt&l
Om CLASSIFm INCLOSUREs
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I -. lo.,-. ... A4 3401.s. ,lk.*.o..-, *gooey Is TAGCEN. S-20 Aug 76
"• L " - ;IF,¢I I~uT. L I JBJECT

:,•P.,-•,\$--! J155mm Cannon Launched Guided Projectile (CLGP)
Operational Analysis

TO DRSAR-SA FROM DRCPH-CAWS-Th DATE 11 Aug 76 CmT I
Hr. Fuqua/jc/6534

1. Th. CAO is reviewing the 155mm CLGP program. They have provided the att:ched
infor•i•tion request (Incl 1) to our Field Office located at MICOM. Based on your
opcr.itional studies and analys-is that your division has performed on CLGP, request
answers be provided to the questions that are circled. Even though some of the
qvestions should be answered by the user, ARMCOM is in a better position to reply.

2. Reply is desired by 20 Aug 76.

I in•.J. CLIFFORD FUQUA
as Acting Chief, Technical Mgt Division

7,2 4 9 296 FPLAC 00 FOM go, wICH 1 OBSOLETE.422/1;3
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GAO Information Request to COPPERHEAD Project Office (GAO Review 951283)

Currently, there are three ground designators under development - the LWLD,
MULE and CLLD. Each designator has different characteristics such as range,
beam, divergence, and tracking accuracy. The purpose of the request is to
idcntify the dcsignator characteristics required by COPPERHEAD and to identify
the impact of differing designator characteristics on COPPERHEAD performance.
This information will be used in assessing the need for three ground designators.

Range requirements and operational (tactical) reauirements:

,6) What are the minimum and maximum ground designator-to-Moving target
ranges required by COPPERHEAD?

(2) Why is the minimum range set at that value?

3'. Why is the maximum range set at that value?

-,4ý What are the minimum and maximum ground designator-to-stationary target
ranges required by COPPERHEAD and why are they set at these values?

What is the operational concept for employment of COPPERHEAD in terms of
ground designator-to-target range, COPPERHEAD-to-target range, and HELLFIRE-
to-ground designator range?

Vhat is the operational concept as to the location of the designator,
-HELLFLR2-and target with respect to the FEBA?

(6. What studies, analyses, field tests, etc., have been done on the frequency
of opportunities for engagement at various ground designaLon ranges? What
were the results?

A WLWhat are the advantages and disadvantage3 to 7ZMl oif the additional
range provided by GLLD over the range provided by MULE?

w8) What would be the effects onHIREt oerational performance and cost

effectiveness if the GLLD program were terminated and replaced by the MULE?

O Why does the Army not have a requirement for a MULE type designator?

10. What percentage of designations are expected to be from ground
designators?

Beam Divergence and tracking accuracy requirements:

1. How are4s designator requirements stated:

a. In terms of the amount of energy and time of energy on target.

b. In terms of beam divergence and tracking accuracy at various
designator-to-target ranges.

c. Both la and lb.
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2• . Whatt are the values of these requirements in question 1 above? (If the .

requirements are stated as in la, identify the values here and convert theminto values as stated in Ib, and display in the following format:)

Range (m) Beam Divergence (mr) Tracking Accuracy (mils)

Designator to Target 1/ Minimum 2/ Maximum 3/ Minimum 4/ Maximum 5/

1000

1500

2000

2500

3000

3000

3500

4000

4500

5000

l/ If beam divergence and tracking accuracy requirements are different for
stationary and moving targets, prepare two separate charts.

2/ Minimum (smallest) beam divergence required.

3/ Maximum (largest) beam divergency required (acceptable).

4/ Minimum (smallest) tracking error required.

5/ Maximum (largest) tracking error required (acceptable).

3. AL what rangef does the MULE satisfy A&!.i:' beam divergency and
tracking accuracy requirements? At what ranges does the MULE not satisfy
these requirements?

4. At what ranges does the GLLD satisfy m divergency and tracking
accuracy requirements? At what ranges does the GLLD not satisfy these
requirements?
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OTHER RUQUIP,1111-NTS : _,•

I. What other designator characteristics are required by•B -? (e.g.,
duty cycle, activation time, etc.)

2. WThich character'stics are met by both MULE and GLLD?

3. Which characteristics are met by GLLD but not MULE?

4. Which characteristics are met by MULE but not GLLD?

5. Which characteristics are met by neither MULE or GLLD?

OTHER QUESTIONS:

1. In an October 14, 1975 letter to the ANRAD committee, the Naval Weapons
Center said, "There is no Army stated need which the MU'LE could not completely
fulfill." In a November 6, 1975 letter to the Marine Corps Development Center,
the Precision Laser Designator Office said, "... the MULE will not meet the
CLGP or HELLFIRE designation requirements." What is COPPERHEAD's position
on this matter and why?

2. ,•hat interest has the Marine Corps expressed in using COPPERHEAD? Does
the Marine Corps plan to use it with MULE?

11.1

If you have any questions, please call Bill Noel at 876-7226.
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Answers to Questions from GAO to COPPERHEAD (CLGP) Project Office
(GAO Review 951283)

1. The minimum designation range required for designation of all ground
targets is zero, i.e., the ground desiguator should be able to approach
arbitrarily close to the target he is designating. As required by the
CLGP system specification, the maximum range for ground designation of
moving targets is 3 km and for stationary targets is 5 km.

2. These specified minimum and maximum range limits define the conditions
within which guidance error may not exceed the specified value ____ *

3. The designation range (DR) limits are a reflection of both technical
and tactical factors. It is not suggested or implied that 3 km is the
maximum tactically useful DR or that the likelihood of target defeat is
negligible beyond that range. The specified values are a practical
limit for test purposes and indicate the performance capability of the
system at military useful ranges.

4. The maximum specified designation rdnge (DR) of stationary targets
is 5 km. Tactically, ranges in excess of 5 km are regarded as unlikely
for ground designators because of the difficulty of acquiring targets
at that range, given intervisibility, and because surface to surface
intervisibility is improbable beyond 5 km.

5. The operational concept for employing COPPERHEAD places the artillery
batteries in Lheir conventional positions relative to FELA. In the case
of the M109AI and that of the XM198 howitzers, battery position is approxi-
mately 6 km aft of FEBA. With cach direct-support (DS) battery will be
associated three (3) forward observers (FOs) equipped with the GLLD
and possibly one or more FOs from higher artillery echelons, e.g., from
attached DS reinforcing batteries or from general-support (GS) artillery
units. Mortar FOs may also be equipped with laser designators to provide
additional desig•nator capability for both COPPERHEAD and HELLFIRE.
Generally, the FO parties will occupy elevated, tactically sound, bunkered
positions at or near FEBA during defensive operations. Some FO parties
may be deployed defensively with advanced guard outposts I to 2 km ahead
of FEBA. Althnugh doctrine for employing FOs has not been firmly established,
some consideration has been given to placing CLGP FOs in other positions
relative to FEBA such as with reconnaissance parties in an aLtack posture.
In the above locations, designators may acquire targets as far as 5 km
from their own position or about 7 km from FEBA, while in a prepared
defense. Doctrinarily FOs will continue to designate moving targets as
they approach FKBA until final protective fires are required, i.e.,
betw:een 0.5 to I km from IEBA. Being elements of the artillery system,
GLLD-ýquipped FOs will give priority to COPPERHEAD missions when faced

Classified data has been deleted.
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with a hig-h density of armored targets. If artillery fires are unavailable
or infeasible for a given mission, an FO party with the GLLD may designate
remotely for IIELLFIRF. For the security cf the helicopter launching
HELLFIRE, the helicopter will not generally approach within three kilometers
of a group of targets having an organic air defense capability, such as
the Soviet ZSU-23-4. However, in the designator-remote mode for HELLFIRE,
ground designators may be anywhere from O.r 1) 5 km from the target.

6. During conduct of the Cost and Operationa Effectiveness Analysis
for COPPERIILAD (Cl.rP COLA) the average range from FEBA at which moving
targets were designated and defeated by CLGP in the OSM computer model
was tecordeC. Under poor visibility conditions, results dependea strongly
upon the meterological visibility range and to a lesser extent on the
FO engagemert procedures employed. For visibility ranges in excess of
10 km, however, the mean range from FLEBA for targets defeated by CLGP
fell within the interval 2700-3600m for a variety of other parameter
values. Using a similar scenario within OSM but ;¢ith the current version
of CLGP, recent studies show an average range cf engagement of approx-
ir'ately 27bOm and of range from FO to target at kill of 2500m. The corres-
ponding average acquisition range by the FO party was about 3500m.

There are presently only twi field si.,iulations that relate to fLGP
operation'-. These are referred to as (a) FOTOCLLD and (b) HELBAf L.
FOIOGLLD was performed by YIASSTER at Ft Huod, TX in the autumn of 1974
usinr a reinforced armored company maneuver force attacking a prepared
defeTlsive p•,iLic n occtjied by (a:.ong others) a GLLP-equipped FO party.
This war primarily a test of the CLGP communications, command, and control
concept in which firings were only simulated. However, target acquisition,
request for fire and d,-signator tracking weru tested. The acquisition
typically cccurre- between * TargeLs were engaged sequentially

Sas the attacking force kdvanced. lue enragc;.ent of targets by CLCP FOs
was broken off at a range of approximately kin, after which it was
",estmed final protective fires would comrence. This test indicated
that preplanned fire using existing fire control equipment is feasible.

The IIELBAT 4 test was conducted jointly by the fluman EngLneering Labs
and the US Army Field Artillery School (USAFAS). The test took. place
in the auturmn of 1973, at USAFAS, Ft. Sill, OK. Puring the pLt of the
test pertinent to CLGP operations, single, moving tank targets kre
acquired and engaged by a single GLLD-equipped FO party. Acquisition,

Iltorley, G. L. and Djusa, W. J., Jr. HLL!AT 4 - Automated Fire Direction
on iojnig 1arets;. bit:r':an Lnvr Labs Battalion rArty T½st.3, Tech Memo
19-72 (Cuhil), U.S. I(EL, Aberdeen P.G., 'ID, May 1976.
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limited often by atmospheric conditions and terrain typically occurred
at about 3 km (max 5 km; min 2.5 km). The single target was located at
two points along its path by the laser rangefinder and these data auto-
maticallv sent to a computer at the fire direction center (FDC) which
calculated an intercept point and firing data and transmitted the gun
orders to the firing unit which actually fired the mission using frangible,
ballistic ammunition. This test demonstrated the feasibility of an auto-
mated fire control (F/C) system with direct GLLD input to the F/C computer.
At projectile im.act the mean distance between projectile and target
was less than

7. The principal advantage of employing COPPERHEAD (CLGP) instead of
direct-fire, antlarmor guided projectiles such as TOW is the ability to
engage and defeat a hirh density of armored targets at rances in excess
of 3 km. To engage targets at such ranges with a laser guided projectile
requires an extremely precise designator such as the GLLD or equivalent.
Gufdance accuracy under these conditions is predominantly dependent upon
the laser spot jitter at the target created during tracking. A less
precise designator than the CLLD, such as the MULE, would produce greater
guidance errors at a given designation range or, alternatively, require
the designator to stay closer to the target he is designating for the
same guidance error, thus increasing the risk of counterfire to himself.
When precision designators such as GLLD or ATAFCS are employed targets
are attrited at a greater range from the friendly maneuver elements,
enhancing their survivability. For all of these reasons it is advantageous
to use CLLD (or ATAFCS) rather than MULE.

8. To our knowledge no deep operational analyses has been performed in
which the COPPERHEAD system was mated with the MULE designator. Conse-
quently, it is impossible to precisely quantify the system effectiveness
decrement that would be incurred in using M11LE rather than GLLD. Similarly,
a cost-effectiveness analysis of MULE versus CLLD in connection with
COPPERHEAD rem-iins to be done.

9. The specifications for GLLD in terms of laser power, duty cycle,
beam divergence, and tracking error were driven by the need for high
accuracy at extended designation range (3-5 km) with both COPPLRHEAD
and IILLLFIRE. This requirement is consistent with the use concept
described above. Since the MULE does not meet the specifications for
the GLLD (or ATAFCS), the Army has no requirement for HULE.

10.1 The COPPERiHEA•D requirements for designation are identical to those
detailed in the GLLD system specification.

10.2 The COPiPER1HEAD accuracy requirement can be achieved ever its operational
envelope wh,..u used with a designator having the characteristics of the
developmental (CID used in the OT 1 tracking tests.

Classified data has been deleted.
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CONFIDENTIAL data. Authorized perscnnel may request this information from
Commander, US Army Armament Command, ATTN: DRSAR-SA, Rock Island, IL 61201
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